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INTRODUCTION . 

The  increase  in  the  use  of  concrete  for  building 
purposes,  the  possibility  of  securing  good,  uniform  cement  and 
the  ease  and  economy  with  which  concrete  structures  can  be  erect- 
ed render  data  on  this  building  material  valuable  to  all  inter- 
ested in  modern  construction.  Until  recently  all  concrete 
structures  were  erected  according  to  good  judg  ment  or  common 
practice  but  the  rapid  development  of  the  theory  of  reinforced 
concrete  and  the  verification  of  these  theories  by  experiment 
call  for  good  design  in  concrete  as  well  as  in  steel  or  any  other 
material. 

A large  number  of  tests  have  been  carried  on  in 
the  last  three  or  four  years  to  determine  the-properties  of 
concrete  and  various  types  of  reinforcement. 

Three  series  of  column  tests  previous  to  the  present 
one  have  been  made  at  the  University  of  Illinois.  The  first 
series  was  made  in  1906  and  was  reported  in  thesis  of  R.  C. 
Llewllyn,  06  and  in  Bulletin  No.  10  of  the  University  of  Illinois 
Engineering  Experiment  Station.  These  tests  were  made  on  plain 
columns  and  columns  reinforced  with  two  kinds  of  longitudinal 
rods.  The  columns  were  made  square  in  cross  section  and  were 
of  two  sizes  9”  x 9”  and  12”  x 12”.  The  lengths  were  6 feet, 

9 feet,  and  12  feet.  The  second  series  of  tests  was  made  in 
1907  and  was  reported  in  thesis  of  Messrs.  Mowder,  Hoff  and 
Grear  and  in  Bulletin  No.  20  of  the  University  of  Illinois 


. 


. 


. 


. 


. 


2 


Engineering  Experiment  Station.  The  third  series  of  tests 
was  made  in  1908,  and  reported  in  the  thesis  of  (1)  Messrs. 

Grubel  and  Hudson,  (2)  Messrs.  Connerroan,  Slaymaker  and  Weber  , 
and  (3)  Messrs.  Burch  and  Heaney.  This  series  included  plain 
columns,  columns  with  band  hooped  reinforcement,  and  columns  with 
spiral  reinforcement. 

The  purpose  of  the  present  series  of  tests  is  to 

secure  data  relative  to  columns  with  various  types  and  amounts 

of  reinforcement.  Data  on  small  test  pieces  such  as  cubes, 

cylinders,  etc.  can  be  readily  found  in  quantities  which  render 

it  very  reliable  but  the  testing  of  large  columns  such  as  are 

used  in  actual  building  construction,  has  been  somewhat  limited 

can  be  drawn 

and  further  tests  are  necessary  before  definite  conclusionsA  and 
good  practice  established. 

This  series  includes  plain  columns  and  columns 
reinforced  with  (1)  with  spiral  hooping  ,(2)  longitudinal  rods(o) 
with  combined  spiral  hooping  and  londitudinal  rods  and  (4) 
structural  steel  shapes.  This  thesis  however,  will  contain  data 
and  discussions  only  on  columns  with  londitudinal  reinforcement. 
The  columns  having  spiral  reinforcement  are  reported  by  Messrs. 
Shaw  and  James,  those  having  combined  spiral  and  longitudinal 
reinforcements  by  Messrs.  Talbot  and  DeWitt,  and  those  having 
structural  steel  reinforcement,  by  Messrs.  Jensen  and  Dunn.  This 
classification  was  made  for  the  purpose  of  reporting  the  results, 
all  the  men  working  in  conjunction  in  making  the  tests.  The 
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responsibility  for  the  accuracy  of  the  data  rests  with  the  entire 
party  and  with  Mr.  Slater  under  whose  direct  charge  the  tests 
were  made.  Mr.  Slater  operated  the  testing  machine  but  the 
other  men  filled  different  positions  at  different  times. 

The  introduction  and  discussion  of  the  theory  were 
written  by  Holmquist,  the  description  and  discussion  of  materials 
by  Corwine  while  the  experimental  data  and  discussion  and  con- 
clusions were  written  by  both. 


* 
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11. 

THEORY 


The  theory  of  columns  with  longitudinal  reinforce- 
ment is  very  simple  and  affords  f ew  if  any  difficulties.  In 
the  formulae  given  it  is  assumed  that  the  concrete  adheres  to 
the  steel  and  therefore  the  stress  in  the  two  materials  varies 
as  their  moduli  of  elasticity. 

Let  A,  denote  total  cross  section  of  Column. 


Ac  f 

As  9 


of  concrete, 
of  steel. 


p = ratio  of  steel  area  to  total  area  = 


fc  = unit  stress  in  concrete. 

n = ratio  of  moduli  of  steel  and  concrete  at  the 


01 


E< 


given  stress  = 

hc 

P = Total  strength  of  a plain  column  for  the 
stress  fc  . 

P*  = Total  strength  of  a reinforced  column  for  the 
stress  fc. 

Consider  one  plain  column  and  one  reinforced  column 
having  the  same  area  A. 

Then  for  the  plain  column. 

P = fc  Ac  = fc  A. 

And  for  the  reinforced  column. 

P* 


= f c A ( 1 - ( n - 1 )p  ) 


- 
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The  relative  increase  in  strength  caused  by  the 
reinforcement  is 


If  n = 12,  then  the  increase  in  strength  due  to  1%  of  steel  = 
( 12  - 1 ) x .01  = .11  times  P 

The  columns  tested  have  a cross  section  as  shown 

in  figure  1. 


Fig.  1. 

The  net  area  of  the  concrete  is 

Ac  = ( 1 - p ) x 1/4  77  d'  . 

The  load  taken  by  the  steel  is 

Ps  = e Es  p 1/4  IT  d2 

The  load  taken  by  the  concrete  is 

Pc  = P - e Es  p l/4 77d' 

and  the  unit  stress  in  the  concrete  = 

_ P - e E p 1/477  d^ 
c (1  - p)  l/4  n d2 

2 n 7 — ■■■— - e E p l/4  TT  d^  p e E p 

( 1 - Pf  i/4  /7  d ( 1 - p)  1/4  n a'-  (i_p)  1/4 rra-  " Tip 

In  which  the  first  term  gives  the  total  stress  as  shown  in 
stress 

the Ade format ion  diagrams  and  the  second  term  that  carried  by 


. 
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6. 

th.6  steel.  If  the  ultimate  unit  deformation  of  concrete  is 
.001  then  the  strength  added  by  1%  of  steel  = 30  000  000  x .01  x 
.001  = 300  pounds  per  square  inch  distributed  over  the  entire 


column. 


Now  if  we  plot  a curve  for  each  term  of  this  expression 


the  curve  representing  — 

(1  ~ p)  1/4 7Td 

shape  sho\xn  in  figure (2}. 

and  the  curve  representing 

e E D l/4  77"dS 
Tl^pf  1/477  d2  " 17111  be  a 


straight  line  passing 
through  the  origin , the 
slope  of  which  will  depend 
upon  E , p , and  d. 


2 will  have  the  general 


Fig.  2. 

E is  taken  as  30  000  000.  The  curve  will 
appear  in  general  like  figure  (5). 


Now  if  we  plot  both 
these  on  one  set  of  coor- 
dinate axes , we  may  scale 
off  fc  for  any  particular 
stress  or  deformation  of 
the  column.  See  figure  (4). 


In  plotting  the  stress  deformation 
diagrams  in  this  thesis  this 


plan  has  been  followed 
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III. 

MATERIALS . TEST  PIECES  AND  METHODS  OF  TESTING-. 

Materials. 

The  materials  used,  in  making  the  columns  were 
similar  to  the  best  materials  used  for  this  class  of  work. 

Sand.  - The  sand  was  of  a good  quality,  sharp  and  well 
graded,  as  shown  by  table  1.  which  gives  the  percentage  of  sand 
passing  each  of  eleven  sieves,  ranging  from  No.  3 to  No.  150. 
This  sand  was  fairly  clean  and  contained  46.5  % voids.  It  was 
obtained  from  near  the  Y/abash  River  at  Attica,  Indiana. 

Stone.  - The  stone  was  a good  quality  of  crushed  lime- 
stone from  Kankakee,  Illinois.  Table  (2)  shows  the  gradation 
of  the  stone  and  gives  the  percentage  of  voids  which  was  4P.5 

Cement. - The  cement  used  was  Universal  portland 
cement  . Table  No.  3 shows  the  tensile  strength  of  the  cement. 


neat  and  in  a 1 : 3 mixture  with  Ottawa  sand 


. 
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Tests  of  Materials* 
TABLE  1 . 

Sand.  Fineness^ 


Per  cent  Passing  Sieve. 


Sieve  No. 

3 

5 

10 

12 

16 

18 

30 

40 

% Pass. 

99.67 

95.27 

76.25 

68.61 

65.0 

51.37 

30 . 34 

16.82 

Seive  No. 

74 

150 

% Pass. 

3.41 

0.84 

Average  of  28  tests. 

Voids. 

% of  Voids. 

Average  of  (3)  tests. 

46.7  % 

46.1 

46 . 8 

Average  = 46.5  % 
TABLE  2. 


Stone.  Fineness ._ 

percent  Passing  Sieve, 


Sieve  No. 

1” 

3/ 4ff 

1/2” 

3/8° 

3 

5 

% Pass. 

87.0 

51.1 

28.9 

13.6 

1.7 

Average 

of  22 

tests. 

10 

0.95 


Voids. 


76 


% of  Voids.  Average  of  (3)  tests. 


. 


9. 

50.  0% 

45.8 

49.7 

Average  = 48.5  % 

Cement. 

These  tests  were  made  in  accordance  with  standard 
methods  and  by  the  use  of  standard  apparatus. 

TABLE  3. 

Ultimate  Strength  lb.  per  sq.  in. 


Universal  Cement. 

Age  7 days.  Age  28  days. 


Neat 

1 : 3 

Neat 

1 : 

607 

197 

732 

281 

595 

179 

772 

280 

617 

160 

853 

278 

Av. 

606 

179 

786 

280 

Note 

Each  of  the  values  in  the  table  shows  the  average  strength 
of  five  briquettes,  so  the  final  average  should  give  fairly 
accurate  results. 

TABLE  4. 

Fineness  of  Cement. 


Standard  Mesh 

Per  cent  Retained. 

Per  cent  Passing 

No.  75. 

1.2 

98.8 

No.  100. 

3.7 

96.3 

No.  200. 

18.7 

81.3 

10 


Steel. 

The  steel  used  was  a good  quality  of  high  carbon  steel. 
Table  (5)  shows  the  strength  of  this  steel  in  tension. 

TABLE  5 . 


Yield 

Maximum 

Yield 

Ult.  Str. 

Percent. 

Size. 

point 

Load 

point 

in  lbs.  per 

elongat. 

in. 

lbs. 

lbs. 

lbs. per  sq. 

in.  sq.  in. 

in  8 in. 

.730” 

24500 

39700 

58000 

90  300 

20 

.725 

31800 

53100 

75600 

126300 

10 

.726 

23800 

37200 

56700 

88500 

15 

.732 

31700 

53500 

75500 

127400 

13 

.725 

29000 

49500 

69100 

118000 

14 

.737 

23900 

37000 

56800 

88100 

16 

.734 

26300 

41400 

62600 

98500 

19 

1.004 

46500 

83900 

59200 

106500 

13 

1.005 

47000 

76500 

60000 

97400 

10 

1.008 

52800 

88800 

67  300 

113000 

16 

The 

1 1/4  inch  test  pieces  were  not 

tested  to 

destruction.  The  yield  points  for  five  specimens  were  7050Q  , 
628,00,  41400  * 66400,  and  60600  pounds  respectively. 

This  shows  an  extreme  variation  of  about  20  000  pounds  which 
is  rather  large. 
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Test  Pieces. 


Forms. 

The  forms  for  the  column  were  made  of  galvanized  sheet 
steel  bent  into  a cylindrical  shape,  and  held  in  position  by 
wrought  iron  bands.  The  forms  were  built  in  sections  two  and 
one  half  feet  long  and  these  sections  fit  together  in  stove  pipe 

fashion. 

For  the  columns  the  forms  were  set  up  in  a vertical  pos- 
ition on  a cast  iron  base  plate  with  planed  surfaces.  These 
plates,  one  at  the  bottom,  and,  one  at  the  top  of  the  column, 
served  as  bearing  surfaces  when  the  column  was  tested.  The 
concrete  was  thoroughly  tamped  or  churned  in  the  forms  in  about 
6 inch  layers.  The  reinforcing  bars  were  held  in  place  inside 
the  forms  by  hoops  at  the  top  and  bottom  and  center,  at  shorter 
intervals;  the  rods  being  spaced  around  the  inner  circumference 
of  the  bands.  The  columns  were  stored  in  the  north  end  cf  the 
Laboratory  of  Applied  Mechanics. 

With  each  of  these  columns  there  were  made  three  6 inch 
test  cubes.  These  were  made  from  the  same  batch  of  concrete  as 
the  column,  to  give  a test  of  the  quality  of  the  concrete  and  for 
comparison  with  the  strength  cf  the  material  as  used  in  the 
column.  For  Column  No.  33  there  were  six  test  cubes.  Table 
No*  6 gives  the  results  of  the  tests  of  these  cubes  for  the  dif- 
ferent columns.  The  cubes  we re  stored  in  damp  sand  until  time 
for  testing. 


■ 
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Concrete. - A man  skilled,  in  this  work  was  in  charge  of  making 
the  concrete,  and  every  effort  was  made  to  have  the  different 
batches  of  a uniform  quality.  The  concrete  for  some  of  the 
columns  was  composed  of  a 1 - 2 - 4 mixture,  and  for  the  remain- 
der, of  a 1 - 1 - 2 mixture.  A fairly  wet  mixture  of  concrete 
was  used  as  this  could  be  tamped  into  the  the  forms  to  better 
advantage. 
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TABLE  6. 
Cube  Tests. 


For 

Age  of 

Total 

Load  lbs. 

Average 

for 

Col.  No. 

Cube  days. 

, Load. 

per  sq.  in. 

each  Col. 

8 

93 

77000 

2140 

1-2-4 

8 

93 

76000 

2110 

8 

98 

98000 

2720 

2325 

12 

93 

117000 

3250 

1-2-4 

12 

93 

120800 

3355 

12 

93 

97400 

2705 

3105 

22 

59 

154600 

4300 

1-1-2 

22 

59 

162000 

4500 

22 

59 

168000 

4660 

4487 

33 

61 

150700 

4165 

1-1-2 

33 

61 

134200 

3730 

33 

61 

148400 

4125 

33 

61 

163800 

4550 

33 

61 

148400 

4125 

33 

61 

131300 

3650 

4061 

44 

60 

78900 

2185 

1-2-4 

44 

60 

71900 

1997 

44 

60 

79100 

2190 

2124 

30 

71 

79300 

2205 

1-2-4 

30 

71 

69100 

1920 

30 

71 

84500 

2350 

2158 

30 

from  same  batches 

as  No.  29. 

51 

68 

64900 

1803 

1-2-4 

51 

68 

65000 

1805 

51 

68 

70500 

1960 

1818 

59 

63 

60  900 

1690 

1-2-4 

59 

63 

60200 

1670 

59 

63 

70100 

1950 

1770 
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Method  of  Testing  Columns. 

From  several  days  to  a few  hours  before  each  column 
was  tested  a bedding  of  either  plaster  of  paris  or  neat  cement 
mortar  was  put  on  top  and  a bearing  plate  similar  to  the  one  at 
the  base  put  on.  This  bedding  together  with  the  action  of  the 
spherical  bearing  block  in  the  testing  machine  gave  a very  nearly 
uniform  pressure  on  the  top  of  the  column. 

When  a column  was  to  be  carried  into  the  machine 
iron  rod3  were  passed  thru  the  top  and  bottom  plates  on  either 
side  of  the  column,  and  fastened.  The  column  was  lifted  by 
means  of  a small  crane  to  its  position  in  the  machine. 

Machine.- 

The  machine  used  for  testing  was  the  600  000  pound 
Riehle  Testing  Machine.  This  machine  will  take  specimens,  in 
tension  or  compression  up  to  25  feet  in  length.  A speed  of 
.05  inches  per  minute  was  used  in  these  tests. 

Measuring  Devices. 

The  longitudinal  deformations  were  measured  by 
means  of  four  Johnson's  extemometers  arranged  for  column  tests. 
They  were  placed  with  dials  opposite  each  other  and  the  sets  at 
right  angles  to  one  another.  Upon  these  instruments  deflections 
could  be  read  to  thousandths  and  estimated  to  ten- thousandths 
of  an  inch.  The  picture  of  Column  No.  62  page-  istj  shows 
these  instruments  on  a column  being  tested.  Yokes  A,  and  B,  at 
the  top  carry  the  rods  and  yokes  C,  and  D,  at  the  bottom  carry 


■ 
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the  extensometer  dials.  At  the  lower  end  of  each  rod  is  attached 
a strip  of  steel  with  a cylindrical  face  for  bearing  on  the  rot- 
ating cylinder.  Good  bearings  were  insured  by  used  of  rubber 
bands  drawing  the  steel  in  firmly  against  the  rotating  cylinder 
in  connection  with  the  dial.  The  photograph  shows  how  the  rods 
are  connected  and  which  yokes  act  in  pairs.  The  yokes  of  each 
pair  were  spaced  100  inches  apart,  so  that  the  readings  taken 
were  the  deformations  in  100  inches. 

Loads  and  Readings. 

The  loads  were  applied  usually  in  increments  of 
25  000  pounds,  however  sometimes  when  the  deformation  became 
very  marked  for  small  loads  increments  of  about  half  this  magni- 
tude were  used.  Reading  were  taken  up  to  the  maximum  load  and 
sometimes  beyond.  Deflections  were  read  on  most  of  the  columns 
by  means  of  deflectometers  shown  in  picture  of  Column  62  page 
It  consisted  of  two  mirrors  M at  right  angles  to  each  other 
having  graduated  scales.  A thread  was  stretched  from  the  points 
p and  g so  that  it  could  be  read  on  the  mirrors  as  the  load  was 
applied.  It  was  necessary  to  have  two  scales  placed  at  an 

ang  le  with  each  other  in  order  to  read  the  motion  of  the  column 
in  any  possible  direction  by  the  use  of  one  thread. 


. 

. 
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IV. 

EXPERIMENTAL  DATA  AND  DISCUSSION. 

Description  of  Individual  Tests. 

Column  No.  8 

Diameter  12.5inches,  length  10*~1H,  8—1  1/4  inch 
rods,  mixture  1 - 2 « 4 , age  84  days.  This  column  commenced 
spalling  at  a load  of  3550  pounds  per  square  inch.  The  load 
then  fell  off  to  3150  and  vertical  cracks  appeared  along  the  dir- 
ection  of  reinforcing  rods  for  about  three  feet  up  from  the  bottom. 
The  column  finally  failed  at  a load  of  426  000  pounds  or  3720  lbs. 
per  square  inch  as  shown  by  the  photograph  on  page-  15C  . 

The  failure  was  wholly  at  the  bottom  as  the  central  portion  of 
the  column  appeared  perfectly  sound  after  failure.  A slight 
bulging  of  the  rods  caused  the  failure. 

Column  No.  12. 

Diameter  12.65  inches,  length  10*-  1",  8—1  inch 
rods,  mixture  1-2-4,  age  51  days.  Percent  of  steel  4.07  . 
This  column  commenced  splitting  over  the  longitudinal  reinforce- 
ment and  spalling  about  18  inches  from  the  bottom  at  a load  of 
2090  pounds  per  square  inch.  The  failure  occured  at  a load  of 
2270  pounds  per  squire  inch,  and  was  caused  by  a buckling  of  the 


rods  at  the  bottom  of  the  column 
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Column  No.  22.- 

Diameter  12.7  inches,  length  10*  - 1 1/4**,  8—1 
inch  rods,  mixture  1-1-2,  age  67  days,  4.83  % steel.  This 
column  commenced  splitting  at  the  top  around  the  rods  at  a load 
of  2220  pounds  per  square  inch.  The  failure  occured  at  the  top 
by  shearing  of  the  concrete  about  two  feet  from  the  top.  The 
maximum  load  was  370  000  pounds  and  the  maximum  stress  2990  lbs. 
per  square  inch.  The  concrete  in  the  core  sheared  off  at  the 
top.  The  concrete  was  shattered  6o  that  finally  the  load  came 
entirely  upon  the  steel.  Photograph  on  page  »5>e  ,shows  the 
conditions  of  the  column  at  failure. 

Column  No.  30 

Diameter  12.1  inch,  length  10  ’ - 1**  ,8 — 1.1/4  in. 
rods,  mixture  1-2-4  , age  61  days,  % reinforcement  8.55 
The  first  sign  of  failure  occured  at  a stress  of  3850  pounds  per 
square  inch  and  appeared  in  the  form  of  cracks  at  the  top.  The 
rods  buckeled  for  about  three  inches  from  the  top  and  the  concrete 
was  badly  disintegrated  in  this  portion  of  the  column.  The 
maximum  load  was  418  000  pounds  giving  a stress  of  3980  pounds 
per  square  inch.  The  photograph  on  page  shows  very  clearly 

how  the  column  failed. 

Column  No.  33 

Diameter  12.62  inches,  length  10  * - 2*'  ,8—1  inch 

Jor\<g 

rod3,  spliced  in  the  middle  with  one  inch  pipe  8 inches Amixture 
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1-2-4  , age  56  days,  % reinforcement  4,97  . This  column 

showed  sign  of  failure  about  two  feet  from  the  top  at  a load  of 
187  000  pounds.  The  column  failed  at  a load  of  194  000  pounds 
or  1620  pounds  per  square  inch.  The  photograph  on  page  isf  shows 
the  manner  of  failure, of  the  column  and  the  point  at  which  failure 
took  place.  When  the  column  was  broken  up  the  splices  were  found 
to  be  sound,  so  that  the  splicing  had  no  effect  whatever  on  the 
behavior  of  the  column.  The  failure  was  undoubtedly  due  to  an 
uneven  bearing  on  the  reinforcing  rods. 

Column  No.  51 

Diameter  12.33  inches,  length  10  * - 1 l/2  inches, 
6—3/4  inch  rods,  mixture  1-2  - 4,  age  61  days,  % steel  2.22 
This  column  failed  around  the  top  and  about  one  third  of  the  way 
from  the  top.  The  photograph  pageiSQ  hows  this  failure.  The 
maximum  load  was  161  000  pounds  or  1390  pounds  per  square  inch. 

Column  No*  59:- 

Diameter  12  inches,  length  10’  - 0n , 8 — 1 inch  rods 
spliced  same  as  column  No.  44  mixture  1-2-4,  age  58  days, 

% steel  4.85  . This  column  showed  queer  behavior.  The  load 

went  up  to  125  000  pounds  then  fell  off  gradually  to  77  000  lbs. 
then  went  up  again  until  it  finally  reached  260  000  pounds  as  a 
maximum.  This  was  in  all  probability  due  to  the  fact  that  the 
concrete  extemding  about  three  inches  beyond  the  rods  failed 
first  and  caused  the  load  to  fall  until  a bearing  was  effected 
upon  the  ends  of  the  rods  when  the  load  then  increased  until  the 
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steel  was  stress^. d to  its  limit.  The  final  stress  per  square  inch 
of  steel  was  41400pounds.  The  photograph  on  page  H.  shows  how 
the  column  failed  and  how  the  rods  bent  over  at  the  top. 

Column  No.  6 2:- 

Diameter  12. G5  inches,  length  10 * - 3/4n  , 6 — 3/4  in. 
rods,  mixture  1-2-4,  age  68  days,  % steel  2.11  . At  the 

maximum  load  99  000  pounds  a longitudinal  crack  at  the  top 
appeared  extending  down  about  three  inches  and  the  concrete  was 
crushed  around  the  entire  base.  The  concrete  at  the  point  of 
failure  at  the  bottom  seemed  to  be  of  poor  quality.  The  photo- 
graph on  page)5b  shows  how  the  column  failed  and  also  shows  the 
instruments  on  the  column. 

Column  No.  44:- 

Diameter  12.62  inches,  length  10,-2,,  , 8-1  in. 
rods,  spliced  in  the  middle  with  1H  pipe  8,f  long,  mixture  1-2-4 
age  56  days,  % reinforcement  4.97  . This  column  showed  signs 
of  failure  about  2 ft.  from  the  top  at  a load  of  187000  lbs. 

The  column  failed  at  a load  of  194000  lbs,  or  1620  lbs.  per  sq.in. 
The  photograph  on  page  159.  shows  the  manner  of  failure  of  the 
column  and  the  point  at  which  failure  took  place.  When  the 
column  was  broken  up  the  splices  were  found  to  be  sound,  so 
that  the  splicing  had  no  effect  whatever  on  the  behavior  of  the 
column.  The  failure  was  undoubtedly  due  to  uneven  bearing  on  the 
reinforcing  rods. 


, ? r - * 


. 


. 


20 


Table  No.  7. 


Col  No. 

Area  steel 
sq.  in. 

Max.  Stress 
pounds. 

sq. 

Lbs.  per 
in.  steel, 

8 

9.82 

426000 

43500 

12 

6.27 

275000 

43700 

22 

6.28 

370000 

58800 

30 

9.83 

418000 

42600 

33 

6.28 

367000 

58400 

44 

6.27 

194000 

31000 

51 

2.65 

161000 

77000 

59 

6.28 

260000 

41400 

62 

2.66 

99000 

37300 

Table  No.  7 

shows  the  amount  the 

steel 

would  have 

carry  per  square  inch  if  it  took  all  the  load. 
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CONCLUSIONS. 

The  prime  object  of  this  series  of  tests  was  to 
determine  (a)  the  effect  of  various  amounts  of  reinforcement 
(b)  the  effect  of  rich  concrete  and  (c)  the  effect  of  splicing. 

Table  No.  7*  shows  that  in  general  the  results  agree 
roughly  with  the  theory,  the  columns  having  a large  percent  of 
steel  carrying  load  corresponding  to  this  percentage  and  the 
columns  made  of  a rich  mixture  being  both  stronger  and  more  uniform 
The  columns  had  the  same  general  dimensions  and  assuming  that 
1 % of  steel  adds  300  pounds  per  square  inch  distributed  over  the 
entire  column  we  might  expect  differences  somewhat  near  those 
shown  in  the  following  table.  The  actual  differences  are  also 


shown. 

Table  No.  7a. 

% Steel. 

Diff.  of  $s.  Load 

Diff. 

of  Loads. 

carried. 

Actual. 

Theoretical. 

o 

• 

o 

188000 

2.17 

- 75000 

f 80900 

2.17 

130  0 00 

2.93 

113000 

109000 

5.10 

243000 

3.14 

179000 

117000 

8,24 

422000 

Area  of  all  columns 

taken  as  124. 

square  inches. 

Taking  the  strength  of  a 

plain  column 

as  1600  pounds 

per  square 

inch,  columns  reinforced  with  longitudinal  rods 

should  show  an  increase  of  strength  represented  by  the  curves  on 

page  7/10. 

The  actual  values  are 

also  plotted 

and  show  a decrease 

• 

• 

22 


in  strength  for  small  percentage  of  steel  but  rapidly  approach 
the  theoretical  for  large  percentages.  The  theoretical  curves 
are  derived  from  the  formula  given  on  page  5 . 


The  above  table  assumes  that  the  columns  have  a cross 
section  of  124  square  inches  and  takes  mean  values  of  other  data. 
The  limited  number  of  test  pieces  render  the  comparison  rather 
unreliable.  However  it  is  of  interest  to  note  that  for  the 
columns  having  more  than  2%  reinforcement  the  actual  increase 
in  the  strength  was  greater  than  the  theoretical  which  means  that 
for  columns  having  large  percentage  of  reinforcement  we  may 
expect  results  closer  to  the  theoretical  than  these  having  a 
small  percentage  since  all  results  are  below  the  theoretical. 
Although  Columns  44  and  59  were  not  tested  for  this  purpose  they 
were  used  in  the  comparison  as  the  failure  was  similar  and  was 
not  due  to  the  splicing  of  the  bars. 

Columns  22  and  23  were  made  of  1 - 1 - 2 mixture 
and  had  the  same  amountof  reinforcement.  The  unit  stress  was 
the  same  in  both  columns  viz.  2990  pounds  per  square  inch.  As 
might  be  expected  this  is  considerably  higher  than  columns  of 
a leaner  mixture  and  is  also  uniform.  The  unit  stress  in  1-2-4 
columns  having  the  same  percentage  of  reinforcement  varied  from 
1620  to  2310  pounds  per  square  inch  and  it  is  undoubtedly  safe 
to  say  that  a rich  mixture  gives  a much  more  uniform  as  well  as 
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a stronger  column. 

Columns  44  and  59  were  tested  to  determine  the  effect  of 
splicing  the  reinforcing  bars.  In  neither  of  these  however  did 
the  splicing  have  any  effect  the  failure  being  similar  to  that  in 
other  columns.  It  may  be  noted  that  in  the  case  of  Column  59 
failure  came  at  such  an  extremely  low  load  as  to  not  give  any  fair 
test  of  the  splicing. 

The  maximum  stress  in  the  concrete  was  found  from  the 
curves  and  is  given  in  the  following  table.  The  results  of  five 
plain  columns  are  also  given.  In  general  the  stress  in  the  con- 
crete of  the  reinforced  columns  was  much  less  than  in  the  plain 
column.  This  may  be  due  to  the  fact  that  the  reinforcing  bars 
spread  and  destroyed  the  concrete  outside  of  the  core. 

Reinforced  Columns. 

Column  No.  Max.  Stress  in  Concrete. 


8 

1335 

12 

1200 

22 

1630 

30 

850 

33 

1940 

44 

580 

51 

495 

59 

250 

62 

330 

, 

■ 

. 
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Plain  Columns. 


Column  No.  Max. 

Stress  in  Concrete. 

1 

1687 

2 

1705 

26 

1625 

35 

1360 

39 

1620 

Average 

1600 

The  plain  columns  are  also  much  more  uniform.  This 

also  might  be  expected  as  in  the  reinforced  columns  a slight 

/ 

difference  in  the  length  of  the  reinforcing  rods  might  cause  an 


early  failure  at  the  bearing  plate 


• 

. 
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SUMMARY  OF  COLUMNS. 
Table.  l\ 


NO. 

Length 

. Circum 

Dia. 

Age 

Rods. 

rf 

/° 

Max.  Load  in 

Made  to 

ference 

at 

Dia. 

No. 

1 

best 

in. 

Rein 

. pounds.  ' 

Show. 

da. 

Total 

per  sq. 

51 

10 ’-li" 

'K 

12.33 

51 

3/4 

6 

2.22 

161000 

in. 

1390 

62 

10’-o|»' 

3 

3 * - 04” 

12.65 

68 

3/4 

6 

2.11 

99000 

802 

Effect  of 

12 

10 '-l” 

3 • — 3^'* 

12.65 

81 

1” 

8 

4.97 

275000 

2310 

amt.  of  rein- 

8 

10  *-lM 

5 -o24 

12.55 

61 

ihi. 

4 

S8 

7.92 

426000 

3720 

forcement . 

30 

10 1 -1” 

3 * -2” 

12.1 

67 

il  ” 

8 

8.55 

418000 

3980 

22 

10 '-1-" 

A 

3 » -4" 

12.70 

67 

4 

1 ” 

8 

4.83 

370000 

2990 

Effect  of  Rich 

33 

*x 

10  »-liM 

3 

5 * -3Y11' 

12. 37 

1 ” 

8 

5 . 37 

36 70 00 

2990 

Concrete. 

44 

2 

10  »~2" 

12.55 

56 

1 

8 

4,97 

194000 

1620 

Effect  of 

59 

10 *-0" 

7 1 1 3t! 

3 H 

12” 

58 

1 ” is- 

8 

5.56 

260000 

2115 

Splicing. 

Columns  No.  22  and  33  were  1-1-2  Mixture. 


All  concrete  of  1-2-4  mixture  except  as  noted. 

* Spliced  in  middle  with  1”  pipe  8”  long. 


PLAIN  COLUMNS. 

1 

10  »• 

R 

AiLIt 

°8 

3' -2i” 

98 

198200 

1687 

2 

10  ' 

-4” 

'x  * _o3i» 

92 

20 3000 

1705 

26 

10  » 

-1" 

3'-2i" 

66 

190000 

1625 

35 

10  » 

-0” 

» __  oi** 

°3 

65 

159000 

1360 

39 

9* 

-ui 

4 

”3‘-2^” 

65 

188000 

1620 

Mixture , 

1-2-4. 
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COLUMN  No,  12. 

0 — 

Average  def. 


Total  Load. 

Unit  Load. 

in  100' 

6500 

54 

.0000 

28000 

234 

.0028 

52000 

434 

.0066 

75000 

627 

.0106 

100000 

835 

.0165 

125000 

1042 

.0206 

150000 

1250 

.0254 

175000 

1460 

.0  305 

201000 

1680 

.0361 

225000 

1880 

.0421 

250000 

2090 

.0526 

275000 

2310 

272000 

2270 

.0836 

27 


COLUMN  No.  8. 


Total  Load. 

Unit  Load. 

Av.  Deformation 
in  100". 

G800 

59 

.0023 

27000 

236 

.0068 

54000 

472 

.0107 

79000 

691 

.0139 

103000 

900 

.0172 

125000 

1092 

.0213 

151000 

1321 

.0256 

176000 

1540 

.0301 

202000 

1770 

.0345 

225000 

1950 

.0396 

252000 

2205 

.0456 

283000 

2480 

.0519 

313000 

2740 

.0680 

350000 

3060 

.0757 

36  3000 

3175 

.0907 

390000 

3420 

.1169 

405000 

3550 

360000 

3150 

426000 

3720 

29 


COLUMN  No.  22. 

• 0 — 

Av.  Deformation 


Total  Load. 

Unit  Load. 

in  100' 

6600 

53 

.0000 

27000 

218 

.0036 

52000 

421 

.0082 

77000 

622 

.0133 

101000 

818 

.0181 

126000 

1019 

.0223 

150000 

1212 

.0270 

175000 

1414 

.0317 

200000 

1618 

.0  370 

225000 

1820 

.0419 

250000 

2020 

.0475 

275000 

2170 

.0538 

301000 

2435 

.0607 

328000 

2650 

.0683 

350000 

2830 

.0781 

370000 

2990 

.1405 

29 


COLUMN  NO.  30. 

Av.  Deformation 


Total  Load. 

Unit  Load. 

in  100 

7000 

66 

.0000 

27000 

257 

.0031 

52000 

495 

.0075 

75000 

713 

.0115 

100000 

950 

.0163 

125000 

1140 

.0213 

150000 

1425 

.0266 

175000 

1663 

.0319 

200000 

1900 

.0385 

225000 

2140 

.0453 

250000 

2380 

.0540 

275000 

2610 

.0634 

300000 

2850 

.0792 

325000 

3090 

.0957 

350000 

3330 

.1142 

375000 

3560 

.1378 

390000 

3710 

.1553 

405000 

3850 

.2132 

418000 

3980 

.2587 

402000 

3820 

302000 

3440 

30 


COLUMN  Ho.  33* 

— 0 

Av.  Deformation 


Total  Load. 

Unit  Load. 

in  100” 

G500 

53 

.0021 

26000 

212 

.0048 

50000 

407 

.0097 

75000 

612 

.0148 

10 3000 

842 

.0193 

125000 

1020 

.0243 

150000 

1222 

.0290 

175000 

1425 

.0345 

200000 

1630 

.0400 

225000 

1835 

.0452 

250000 

2040 

275000 

2240 

.0563 

300000 

2450 

.0622 

325000 

2650 

.0693 

350000 

2860 

.0750 

367000 

2990 

315000 

2565 

31 


COLUMN  Ho.  44. 

Av.  Deformation 


Total  Load. 

Unit  Load. 

in  1001' 

7800 

65 

.0000 

25000 

20  9 

.0031 

50000 

418 

.0086 

75000 

626 

.0143 

100000 

836 

.0201 

124000 

10  38 

.0287 

150000 

1252 

.0373 

175000 

1460 

.0518 

187000 

1560 

.0818 

193000 

1612 

.1130 

194000 

1620 

190000 

1590 

165000 

1380 

145000 


1210 


32 


Total  I 
7200 
25000 
50000 
75000 
101000 
125000 
150000 
160000 
161000 
90000 
60000 


COLUMN  No,  51 

oad.  Unit  Load 
62 
216 
431 
646 
870 
1078 
1292 
1380 
1390 
775 
517 


Av.  Deformation 
in  100  M. 

.0000 

.0067 

.0189 

.0314 

.0469 

.0623 

.0848 

.1170 

.1484 

.2349 

.2697 


COLUMN  No,  59 


Total  Load, 

Unit  Load. 

Av.  Deformation 
in  100”. 

6500 

53 

.0000 

25000 

203 

.0040 

50000 

406 

.0120 

75000 

610 

.0217 

100000 

813 

.0350 

120000 

976 

.0661 

123000 

1000 

.0810 

125000 

1015 

.0985 

123000 

1000 

.1185 

110000 

894 

95000 

772 

.1365 

85000 

691 

.1549 

730 00 

594 

.1644 

77000 

626 

.1696 

79000 

642 

82000 

665 

96000 

780 

106000 

1023 

164000 

1332 

130000 

1460 

203000 

1650 

240000 

1950 

260000 

2115 

34 


COLUMN  No.  62. 


Total  Load. 

Unit  Load. 

Av.  Deform 
in  100". 

6500 

53 

.0000 

26000 

211 

.0124 

51000 

414 

.0252 

75000 

608 

.0429 

98000 

794 

.0985 

99000 

802 

.1280 

82000 

665 

68000 

550 

75000 

607 

85000 

690 

89000 

720 

72000 

534 

COLUMN  No.  1 


Av.  Deformati 

Total  Load. 

Uni t Stress 

. in  100” . 

6700 

57 

.0000 

27000 

230 

.0045 

5 3000 

450 

.0112 

76000 

646 

.0186 

100000 

850 

.0271 

125000 

1063 

.0355 

150000 

1274 

.0505 

175000 

1490 

.0669 

198200 

1687 

.1122 

36 


COLUMN  No.  2. 

Av.  Deformation 


Total  Load. 

Unit  Stress. 

in  10  O' 

6500 

55 

.0000 

20000 

168 

.0021 

41000 

345 

.0075 

66000 

555 

.0136 

84000 

706 

.0188 

102000 

858 

.0251 

118000 

993 

.0308 

137000 

1152 

.0385 

158000 

1330 

.0475 

175000 

1470 

• 05  36 

190000 

1600 

.0620 

20 3000 

1705 

Max. 

37 


COLUMN  No.  26. 

Av.  Deformation 


Total  Load. 

Unit  Stress. 

in  100" 

6500 

56 

.0000 

25000 

214 

.0048 

51000 

437 

.0118 

76000 

650 

.0225 

101000 

866 

.0295 

125000 

1070 

.0404 

150000 

1285 

.0543 

175000 

1500 

.0738 

190000 

1625 

.1086 

38 


COLUMN  No.  35.. 


Total  L 

oad.  Unit  Stress. 

Av.  Deformation 
in  100" . 

6800 

58 

.0000 

26000 

222 

.0056 

51000 

436 

.0172 

75000 

642 

.0260 

100000 

856 

.0369 

125000 

1070 

.0524 

150000 

1285 

.0765 

159000 

1360 

Max. 

6000 

COLUMN  No.  39. 

52 

.0000 

27000 

233 

.0041 

51000 

439 

.0122 

75000 

645 

.0198 

101000 

870 

.0301 

126000 

1085 

.0429 

150000 

1290 

.0580 

175000 

1505 

.0799 

188000 

1620 

.1150 

■J  ' t 
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C COLUMN  N^Q 
Length  /O'-/" 

NetRrca  //4-/6°" 

Mixture  /' 2 :d 
Rge  3d  day  5 

0e/nf.  3 ±/%  Rode  around 
Surface.  f%r£e/?f3fae/  702 
C/emenf  - Universal 
Max.  Load  4Z6000* 

Max.  Stress  JJJOV° " 
Deformation  in  inches  per  inch 
1 S S 5 W 

8 : i S § § 


EUGENE  OICTZGEN  CO 


3200  \ 


COLUMN  A/~  JO 
flM/en?//?  /O'-/" 

Neff/rea  /0C./7*" 
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